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MEMBER HAVING PHOTOCATALYTIC FUNCTION 
AND MULTIPLE GLASS 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a member having a photocatalyst layer 
formed on the surface thereof, and multiple glass incorporating the member. 

Description of the Related Art 

Photocatalysts such as anatase type titanium oxide are known to exert 
antifouling effect to decompose organic materials under ultraviolet light irradiation, 
antibacterial activity and hydrophilicity. Additionally, nowadays, photocatalysts 
exerting a catalytic function under visible light irradiation are attracting attention. 

Formation of the above-described photocatalyst layer on the surface of a 
member such as glass is frequently carried out by means of vacuum film formation 
methods including sputtering and vapor deposition, or reduced-pressure film 
formation methods. 

Patent Document 1, Patent Document 2, Patent Document 3, and Patent 
Document 4 have proposed that an undercoat layer be provided between the substrate 
and the photocatalyst layer for forming the photocatalyst layer on the surface of the 
substrate such as glass. 

Patent Document 1 discloses that a barrier layer is provided between a glass 
substrate and a photocalalytic composition (medium) which is formed on the surface 
of the substrate for the purpose of preventing function deterioration of the medium 
caused by alkali eluted from the glass, and proposes use of zirconium oxide, in 
particular, amorphous zirconium oxide as the barrier layer. 
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Patenl Document 2 discloses that a photocatalyst film is formed on a substrate 
in a state where an undercoat film is interposed therebetween, and in particular, 
zirconium oxide is used as the undercoat film and titanium oxide is used as the 
photocatalyst film. 

Patent Document 3 discloses that a layer of a metal oxide such as zirconium 
oxide is interposed between a substrate (aluminum) and a photocatalyst layer so as to 
control oxygen diffusion from the photocatalyst layer to the substrate with the aid of 
the metal oxide layer. 

Patent Document 4 discloses zirconium oxide as a photocatalytic material and 
discloses that a titanium oxide layer is formed on the exterior of the zirconium oxide- 
Patent Documents 5 and 6 are other prior art materials which mention the 
relationship between the film thickness and the optical properties of the film in which 
zirconium oxide and titanium oxide are laminated. 

Patent Document 5 describes an alkali diffusion preventing layer comprised 
of Sn0 2 and ZrC>2 having a thickness of 10 nm or less, or Ti0 2 having a thickness of 
20 nm or less, and a need of reducing the thickness to obtain an article having 
transparency. 

Patent Document 6 discloses that a high temperature stable type cubic or 
orlhorhombic zirconium oxide layer is formed between a substrate and a titanium 
oxide layer, and describes that the thickness of the photocatalyst layer should be in 
the range which allows to be seen therethrough in a case of being applied to vehicles. 

[Patent Documents] 

Patent Document 1: Japanese Patent Application Publication No. 9-227167 
Patent Document 2: Japanese Patent Application Publication No. 10-66878 
Patent Document 3: Japanese Patent Application Publication No. 2000-312830 
Patent Document 4: Japanese Patent Application Publication No. 2001-205094 
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Patent Document 5: Japanese Patent Application Publication No. 2000-513695; page 
12, line 8 

Patent Document 6: PCT International Publication (WO 02/40417); page 10, line 9 
When a photocalaiyst layer is formed according to the methods described in 
Patent Documents 1 to 5, there are cases where no photocatalytic function is exerted, 
or such a function is not exerted unless the thickness of the photocatalyst layer is 
made thick, which causes the reflectance of the article to become large and 
interference color to be generated, and thereby the compatibility of the preferable 
reflectance and color lone with the photocatalytic activity is hardly achieved. 

When a crystalline zirconium oxide layer is provided as an undercoat layer for 
a photocatalyst layer (Ti0 2 ) as disclosed in Patent Document 6, the photocatalyst 
layer becomes excellent in photocatalytic activity; however, when a high temperature 
stable type cubic or orthorhombic zirconium oxide layer needs to be formed, low 
heat resistant resin and the like cannot be used as a substrate. Additionally, there 
are drawbacks that photocatalytic members having a large size for use in 
construction and the like can be hardly obtained because it is technically difficult to 
heat large size substrates uniformly, and unevenness of the color tone occurs. 

Also, a configuration in which a heat ray reflecting film (low emissivity film: 
Low-E film) is provided on the indoor side surface of the outdoor side glass sheet of 
multiple glass is well known; however, the glass sheet having the heat ray reflecting 
film comes to have a greenish color tone, and thereby there are problems to be solved 
concerning the degree of freedom in the color tone. 

SUMMARY OF THE INVENTION 
In order to overcome the above-described problems, according to the present 
invention, there is provided a member having a photocatalytic function in which a 
peel preventing layer whose main component is an oxide, an oxynitride and a nitride 
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containing at least one of silicon and lin is provided on the surface of a transparent 
substrate, and a photocatalyst layer is formed on the peel preventing layer through 
the intermediary of a crystalline undercoat layer, wherein the thickness of the 
crystalline undercoat layer is 2 nm or more and 40 nm or less, preferably 3 nm or 
more and 20 nm or less, and the thickness of the photocatalyst layer is 2 nm or more 
and 15 nm or less, preferably 3 nm or more and 10 nm or less. 

Amorphous silicon oxide can be listed as an example of the material for the 
above-described peel preventing layer, zirconium oxide can be listed as an example 
of the material for the above-described crystalline undercoat layer, and crystalline 
titanium oxide can be listed as an example of the material for the above-described 
photocatalyst layer. Particularly, for the crystalline undercoat layer, monoclinic 
zirconium oxide is preferable. 

A comparison was made with respect to two photocatalyst layers (TiCh) 
having the same thickness, one of which exerts photocatalytic activity but the other 
of which does not exert photocatalytic activity, based on electron microscopic 
observation. It turned out that the difference comes from the crystallinity of the 
photocatalyst layer. Specifically, the photocatalyst layer (Ti0 2 ) in which a 
columnar particulate structure is formed definitely and continuously from the 
interface of the substrate to the surface of the layer exerts conspicuous photocatalytic 
activity. In contrast, the photocatalyst layer in which no columnar particulate 
structure is found in the neighborhood of the interface of the substrate and an 
amorphous layer (hereinafter referred to as a dead layer) is found instead does not 
exert sufficient photocatalytic activity. 

The dead layer is a layer in which amorphous (noncrystalline) characteristics 
are predominant and the electron diffraction image is observed as a halo pattern. 
On the other hand, in a case where a layer is different from a dead layer, diffraction 
spots are observed. 



- 5 - 



When the photocatalytic member has a configuration free from the 
above-described dead layer, since the particulate structure is formed continuously 
from the undercoat layer to the photocatalyst layer, there are cases where small ions 
having a small ionic radius such as a chlorine ion and water diffuse from the surface 
to the glass substrate by passing through the voids in the particulate structure 
(columnar structure). When such diffusing ions and molecules reach the substrate, 
there are cases where anions such as chlorine ions react with alkali ions such as 
sodium contained in the substrate so as to generate salt, which causes the film to peel 
and generates defects. 

The present inventors have achieved the present invention on the basis of the 
following knowledge: 

When a photocatalyst layer is formed through the intermediary of an undercoat layer 
which promotes the growth of the crystal particles of the photocalalyst, the 
generation of the above-described dead layer can be controlled, and when a peel 
preventing layer is provided between the undercoat layer and the glass substrate, 
peeling of the film from the glass substrate and the generation of defects can be 
controlled, and deterioration of the photocatalytic activity can also be controlled. In 
addition, when a layer comprising monoclinic zirconium oxide crystal is used as the 
undercoat layer, it is possible to further enhance the effect for promoting the growth 
of the crystal particles of the photocatalyst, and when the thickness of the crystalline 
undercoat layer and the thickness of the photocatalyst layer are limited to the 
particular ranges respectively, it is possible to achieve low reflectance, a pale blue 
reflection color tone, and eliminate reflectance unevenness and color tone 
unevenness. As a result, it becomes possible to be applied to glass sheets having a 
large area for use in construction which emphasizes a particular aspect of design such 
as a feeling of refreshment. 
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The above-described member having a photocalalytic function can be applied 
to glass sheets for use in construction, in particular, as outdoor side glass sheets of 
multiple glass. In this instance, the configuration is as follows: a peel preventing 
layer whose main component is an oxide, an oxynitride and a nitride containing at 
least one of silicon and tin is provided on the outdoor side surface of an outdoor side 
glass sheet; a photocatalyst layer having a thickness of 2 nm or more and 15 nm or 
less, preferably 3 nm or more and 5 nm or less is formed on the peel preventing layer 
through the intermediary of a crystalline undercoat layer having a thickness of 2 nm 
or more and 25 nm or less, preferably 3 nm or more and 5 nm or less; and a heat ray 
reflecting film is formed on the indoor side surface of the outdoor side glass sheet. 

In the above-described member having a photocalalytic function or the 
above-described multiple glass, the thickness of the peel preventing layer is 2 nm to 
200 nm, preferably 5 nm to 100 nm. When the thickness of the peel preventing 
layer is less than 2 nm, the effects for preventing the film from peeling and defects 
from being generated are not sufficient. On the other hand, when the thickness is 
greater than 200 nm, the above-described effects for preventing the film from peeling 
and defects from being generated are not so largely improved, and hence, from the 
economic viewpoint, the upper limit of the thickness of the peel preventing layer is 
preferably 200 nm. When the thickness of the peel preventing layer is greater than 
5 nm, the water blocking effect is more preferably enhanced and generation of water 
soluble salt in the interface between the substrate and the film comes to be 
completely controlled. Also, this effect is sufficiently exerted even in a case where 
the thickness of the above-described peel preventing layer is 100 nm or less, and thus, 
the more preferable upper limit of the thickness of the peel preventing layer is 100 
nm. However, when a peel preventing layer having a refractive index largely 
different from the refractive index of the substrate is adopted, the thickness of the 
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peel preventing layer is made as thin as possible so that the color tone may not be 
altered. 

The above-described peel preventing layer blocks the ions having a small 
ionic radius such as chlorine ions and water from the surface, and prevents these ions 
and molecules from reaching the glass substrate and consequently prevents water 
soluble reactive salt from being generated, so that peeling of the undercoat layer 
from the substrate caused by dissolution of the salt in water can be controlled. 

When a glass substrate manufactured by a float method is adopted as the 
substrate, a tin modification layer or an amorphous tin oxide layer formed on the 
contact surface of the glass substrate with the tin bath can be used as the peel 
preventing layer. 

Also, in the present invention, it is preferable that the above-described 
undercoat layer and photocatalyst layer are made of a crystalline metal oxide or a 
metal oxynitride respectively, and at least one of the distances between oxygen atoms 
in the crystals which constitute the undercoat layer is approximate to one of the 
distances between oxygen atoms in the crystals which constitute the photocatalyst 
layer. When the photocatalyst layer is formed on the undercoat layer, a 
combination of the undercoat layer and the photocatalyst layer which satisfies the 
above-described condition allows the photocatalyst layer to grow easily and quickly 
as a crystalline one with the aid of the oxygen atoms as the common portions. 

Since the distances between oxygen atoms of monoclinic zirconium oxide and 
anatase type titanium oxide are approximate in a certain area (within the range from 
90 to 110%), when a monoclinic crystalline zirconium compound is adopted for the 
undercoat layer, anatase type titanium oxide crystals can be easily formed thereon. 

For the undercoat layer, zirconium oxide to which a small amount of nitrogen, 
tin or carbon is added, and zirconium oxynitride are preferably used as well as the 
above-described monoclinic zirconium oxide. 
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For the photocatalyst layer, titanium oxide to which a small amount of 
nitrogen, tin or carbon is added, and titanium oxynitride are preferably used as well 
as the above-described anatase type titanium oxide. 

As for monoclinic zirconium oxide preferable for the undercoat layer, the 
electron diffraction image obtained by irradiating the cross section of the layer of the 
monoclinic zirconium oxide perpendicularly includes an image from the (111) plane 
or the (-111) plane, and the interplanar spacing with respect to the (111) orientation 
plane is 2.6 to 3.0 A and the interplanar spacing with respect to the (-111) orientation 
plane is 3.0 to 3.4 A. 

In a case where the interplanar spacing of zirconium oxide is not in the 
above-described ranges, the zirconium oxide suffers from deformation in the crystals. 
Consequently, the film stress becomes great, and peeling easily occurs. Also, since 
the oxygen positions in the crystal planes are displaced due to the deformation, the 
consistency of the oxide such as titanium oxide or the like constituting the 
photocatalyst layer with the oxygen positions becomes low, and thereby no desirable 
crystal growth of the photocatalyst layer is observed. 

As for anatase type titanium oxide preferable for the photocatalyst layer, the 
electron diffraction image obtained by irradiating the cross section of the layer of the 
anatase type titanium oxide includes the diffraction image from the (101) plane, and 
the interplanar spacing with respect to the (101) orientation plane is 3.3 to 3.7 A. 

In a case where the interplanar spacing of titanium oxide is not in the 
above-described range, the titanium oxide suffers from deformation in the crystals. 
Consequently, the film stress becomes great, and peeling easily occurs. Also, since 
the oxygen positions in the crystal planes are displaced due to the deformation, the 
consistency of the oxide such as zirconium oxide or the like constituting the 
undercoat layer with the oxygen positions becomes low, and thereby no desirable 
crystal growth of the titanium oxide is observed. 
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The methods for forming the undercoat layer and the photocalalyst layer may 
be any of a liquid phase method (a sol-gel method and a liquid phase precipitation 
method), a vapor phase method (a sputtering method, a vacuum deposition method 
and a CVD method) and the like, and these methods have the effect of improving the 
crystallinily of the photocatalyst layer with the aid of the undercoat film. However, 
a vapor phase method such as a sputtering method, a deposition method and the like 
is more suitable because it is serves to grow crystals and thereby it shows particularly 
significant effect in the present invention. 

Also, doping of metals in the photocatalyst layer can promote carrier 
generation, and accordingly enhance the photocatalytic effect. 

Examples of the doped metals include Zn, Mo and Fe, which are suitably high 
in the effect of improving the photocatalytic activity. With respect to Zn and Mo, 
the addition amount is preferably 0.1 mass % or more and 1 mass % or less, more 
preferably 0.2 mass % or more and 0.5 mass % or less. With respect to Fe, the 
content thereof in the photocatalyst layer is made to be 0.001 mass % to 0,5 mass %♦ 
These limitations are based on the fact that the effect becomes too small in a case 
where the addition amount is too small, while too great an amount causes disorder in 
the crystal structure of the photocatalyst and generation of a recombination center, 
and thereby the photocatalytic activity is deteriorated. 

By forming a hydrophilic thin film on the surface of the photocatalyst layer, it 
is possible to increase the hydrophilic effect. The hydrophilic thin film is 
preferably made of at least one oxide selected from the group consisting of silicon 
oxide, zirconium oxide, germanium oxide and aluminum oxide. Among these 
oxides, silicon oxide is preferable from the viewpoint of the hydrophilicity 
improvement effect and durability. It is preferable that the hydrophilic thin film is 
porous. When the hydrophilic thin film is porous, it is possible to enhance the 
water holding effect and the maintenance performance of the hydrophilicity. Also, 
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Ihe active species such as active oxygen generated in the surface of the photocatalyst 
layer by irradiation of ultraviolet light can reach the surface of an article, so that the 
photocatalytic activity of the photocatalyst layer is not so significantly damaged. 

As the method for forming a porous hydrophilic thin film, a liquid phase 
method (a sol-gel method and a liquid phase precipitation method) and a vapor phase 
method (a sputtering method, a vacuum deposition method and a CVD method) are 
used. If the generally known sol -gel method is employed, a porous thin film can be 
manufactured easily; however, when organic polymer and higher alcohol are added 
into the raw material solution of the sol gel method, a porous thin film can be 
manufactured more easily. As for the vapor phase method such as a sputtering 
method, by adjusting the film-formation conditions so as to increase the dangling 
bonds in the oxide, for example, by increasing the gas pressure and reducing the 
oxygen amount in the gas at the time of sputtering, it becomes possible to 
manufacture a porous thin film. 

The thickness of the hydrophilic thin film is preferably 1 nm or more and 30 
nm or less. If the thickness is smaller than 1 nm, the hydrophilicity is insufficient. 
In contrast, if the thickness is greater than 30 nm, the photocatalytic activity of the 
photocatalyst layer is damaged. The more preferable range of the thickness is 1 nm 
or more and 20 nm or less. In this range, the maintenance performance of the 
hydrophilicity is high when it is not irradiated with light. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic sectional view of a member having a photocatalytic 

function according to the present invention; 

FIG. 2 is a schematic sectional view of multiple glass according to the present 

invention; 
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FIG. 3 is a graph showing the color tone variation of the transmitted light 
observed when the film thickness of the Si0 2 layer was varied at a pitch of 10 nm 
with the fixed film thickness values of 10 nm for the Zr0 2 and TiC>2 layers; 

FIG. 4 is a graph showing the color tone variation of the reflected light 
observed when the film thickness of the Si02 layer was varied at a pitch of 10 nm 
with the fixed film thickness values of 10 nm for the Zr02 and Ti02 layers; 

FIG. 5 is a graph showing the visible light reflectance observed when the film 
thickness of the Ti0 2 layer was varied at a pitch of 5 nm with the fixed film thickness 
values of 10 nm for the Si0 2 and Zr0 2 layers; 

FIG. 6 is a graph showing the visible light reflectance observed when the film 
thickness of the Zr0 2 layer was varied at a pitch of 5 nm with the fixed film 
thickness values of 10 nm for the Si02 and TiC>2 layers; 

FIG. 7 is a graph showing the visible light reflectance of multiple glass (with 
a Low-E film) observed when the film thickness of the Ti0 2 layer was varied at a 
pitch of 5 nm with the fixed film thickness values of 10 nm for the Si0 2 and Zr0 2 
layers; 

FIG. 8 is a graph showing the visible light reflectance of multiple glass (with 
a Low-E film) observed when the film thickness of the Z1O2 layer was varied at a 
pitch of 5 nm with the fixed film thickness values of 10 nm for the Si0 2 and Ti0 2 
layers; 

FIG. 9 is a graph showing the variation of the distance between the 
chromaticity coordinates (D) observed when the film thickness of the Ti02 layer was 
varied at a pitch of 5 nm with the fixed film thickness values of 10 nm for the Si0 2 
and ZrC>2 layers; 

FIG. 10 is a graph showing the reflection color tone variation for the distance 
between the chromaticity coordinates (D) range of 3.5 or less, corresponding to FIG. 
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FIG. 11 is a graph showing the variation of the distance between the 
chromalicity coordinates (D) observed when the film thickness of the ZrC>2 layer was 
varied at a pitch of 5 nm with the fixed film thickness values of 10 nm for the SiC>2 
and Ti0 2 layers; 

FIG. 12 is a graph showing the reflection color tone variation for the distance 
between the chromaticity coordinates (D) range of 3.5 or less, corresponding to FIG. 
11; 

FIG. 13 is a graph showing the variation of the distance between the 
chromaticity coordinates (D) of multiple glass observed when the film thickness of 
the Ti02 layer was varied at a pitch of 5 nm with the fixed film thickness values of 
10 nm for the Si02 and Zr0 2 layers; 

FIG. 14 is a graph showing the reflection color tone variation for the distance 
between the chromaticity coordinates (D) range of 3.5 or less, corresponding to FIG. 
13; 

FIG. 15 is a graph showing the variation of the distance between the 
chromaticity coordinates (D) of multiple glass observed when the film thickness of 
the Zr02 layer was varied at a pilch of 5 nm with the fixed film thickness values of 
10 nm for the Si0 2 and Ti0 2 layers; 

FIG. 16 is a graph showing the reflection color tone variation for the distance 
between the chromaticity coordinates (D) range of 3.5 or less, corresponding to FIG. 
15; and 

FIG. 17 is a graph showing the color tone variation of multiple glass 
comprising glass sheets, each sheet being made of an Si0 2 layer, a Z1O2 layer and a 
Ti0 2 layer having the same thickness. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Description will be made below on an embodiment of the present invention 
on the basis of the accompanying drawings. FIG. 1 is a schematic sectional view of 
a member having a photocatalytic function according to the present invention, and 
FIG. 2 is a schematic sectional view of multiple glass in which the member having a 
photocatalytic function is used as the outdoor side glass sheet. 

In the member having a photocatalytic function shown in FIG. 1, an SiC>2 
layer is provided as a peel preventing layer 1 on the surface of a transparent substrate 
such as a glass sheet, a Zr02 layer is provided as a crystalline undercoat layer 2 on 
the peel preventing layer 1, and a Ti0 2 layer is provided as a photocatalyst layer 3 
through the intermediary of the crystalline undercoat layer 2. The thickness of the 
Si02 layer is 2 nm or more and 200 nm or less, the thickness of the ZrCh layer is 2 
nm or more and 40 nm or less, and the thickness of the TiOi layer is 2 nm or more 
and 15 nm or less. 

In the multiple glass shown in FIG. 2, an outdoor side glass sheet 10 and an 
indoor side glass sheet 20 are arranged to face each other through the intermediary of 
a spacer 30 so as to define an extremely fine space therebetween. An Si0 2 layer is 
provided as a peel preventing layer 1 on the outdoor side surface of the outdoor side 
glass sheet 10, a Zr02 layer is provided as a crystalline undercoat layer 2 on the peel 
preventing layer 1, and a Ti0 2 layer is provided as a photocatalyst layer 3 through 
the intermediary of the crystalline undercoat layer 2. Also, a low emissivity film 4 
(Low-E film) is formed on the indoor side surface of the outdoor side glass sheet 10. 

FIGS. 3 and 4 are graphs showing the color tone variation of the transmitted 
light and the color tone variation of the reflected light, respectively, observed when 
the film thickness of the Si02 layer was varied at a pitch of 10 nm with the fixed film 
thickness values of 10 nm for the Zr0 2 and Ti0 2 layers. As can be seen from these 
figures, even if the layer thickness is varied with respect to Si0 2 having substantially 
the same refractive index as that of glass, the color tone variation is hardly observed. 
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The color tone variation becomes greater as the refractive index difference with 
respect to glass is greater, and the variation ratio is increased depending on the 
increase of the film thickness. 

In this regard, the color lone (a*, b*) was calculated from the spectrum 
measured by a spectrophotometer on the basis of CDE 1976 UCS. 

FIGS. 5 to 8 are graphs showing the relationship between the film thickness 
values of each layer and the visible light reflectance values (R): FIG. 5 shows the 
visible light reflectance observed when the film thickness of the TiC>2 layer was 
varied at a pitch of 5 nm with the fixed film thickness values of 10 nm for the SiC>2 
and Zr02 layers; FIG. 6 shows the visible light reflectance observed when the film 
thickness of the Z1O2 layer was varied at a pilch of 5 nm with the fixed film 
thickness values of 10 nm for the SiC>2 and T1O2 layers; FIG. 7 shows the visible 
light reflectance of multiple glass (with a Low-E film) observed when the film 
thickness of the HO2 layer was varied at a pitch of 5 nm with the fixed film thickness 
values of 10 nm for the Si0 2 and Z1O2 layers; and FIG. 8 shows the visible light 
reflectance of multiple glass (with a Low-E film) observed when the film thickness 
of the Z1O2 layer was varied at a pitch of 5 nm with the fixed film thickness values of 
10 nm for the Si0 2 and Ti0 2 layers. 

In this regard, the reflectance value was calculated from the results measured 
by a spectrophotometer on the basis of JIS R3106. 

As can be seen from these figures, the visible light reflectance becomes high 
when the thickness values of the TiC>2 layer and the Zr0 2 layer are 50 to 60 nm, and 
they are not in this range, the visible light reflectance is deteriorated. The visible 
light reflectance (R) is 20% or less, preferably 15% or less. 

FIGS. 9 to 16 are graphs showing the distance between the chromaticity 
coordinates (D), and the reflection color tone variation corresponding to this 
distance; FIG. 9 is a graph showing the variation of the distance between the 
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chromaticity coordinates (D) observed when the film thickness of the Ti0 2 layer was 
varied at a pitch of 5 nm with the fixed film thickness values of 10 nm for the S1O2 
and Z1O2 layers; FIG. 10 is a graph showing the reflection color tone variation for 
the distance between the chromaticity coordinates (D) range of 3.5 or less, 
corresponding to FIG. 9; FIG. 1 1 is a graph showing the variation of the distance 
between the chromaticity coordinates (D) observed when the film thickness of the 
Zr02 layer was varied at a pitch of 5 nm with the fixed film thickness values of 10 
nm for the Si02 and Ti02 layers; FIG. 12 is a graph showing the reflection color tone 
variation for the distance between the chromaticity coordinates (D) range of 3.5 or 
less, corresponding to FIG. 11; FIG. 13 is a graph showing the variation of the 
distance between the chromaticity coordinates (D) of multiple glass observed when 
the film thickness of the Ti0 2 layer was varied at a pitch of 5 nm with the fixed film 
thickness values of 10 nm for the Si02 and Zr0 2 layers; Fig. 14 is a graph showing 
the reflection color tone variation for the distance between the chromaticity 
coordinates (D) range of 3.5 or less, corresponding to FIG. 13; FIG. 15 is a graph 
showing the variation of the distance between the chromaticity coordinates (D) of 
multiple glass observed when the film thickness of the Zr0 2 layer was varied at a 
pitch of 5 nm with the fixed film thickness values of 10 nm for the SiC>2 and TiC>2 
layers; and FIG. 16 is a graph showing the reflection color tone variation for the 
distance between the chromaticity coordinates (D) range of 3.5 or less, corresponding 
to FIG. 15. When D is 3.5 or less, even if the film thickness varies in the 
manufacture, the color unevenness is not conspicuous, which is preferable from the 
viewpoint of quality control. It is apparent that the magnitude of D indicates the 
degree of the color's inclination to vary, and the present invention has discovered the 
film thickness range of each layer in which D can be limited to a certain range. 

In this regard, the distance between the chromaticity coordinates refers to a 
distance between the chromaticity coordinate before the film thickness is varied and 
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the chromaticity coordinate after the film thickness is varied by 5 nm. The 
calculation formula is as follows: 
D={(a*„ - a VO 2 + (b\ - bVi) 2 }* 5 

The results are shown in FIG. 1, and the results demonstrate the following: 
With respect to an article comprised of a single film and a single glass sheet (the 
photocatalyst layer is formed only on one surface of the glass sheet), in view of the 
color variation ratio, the reflection color (the range where the color is blue), the 
visible light reflectance, and the hydrophilicily, the thickness of the Z1O2 layer is 2 
nm to 40 nm, preferably 3 nm to 20 nm, and the thickness of the TiC>2 layer is 2 nm 
to 15 nm, preferably 3 nm to 10 nm. 

With respect to multiple glass (with a Low-E film) using the above-described single 
glass sheet, the thickness of the ZrC>2 layer is 2 nm to 25 nm, preferably 3 nm to 5 nm, 
and the thickness of the Ti02 layer is 2 nm to 15 nm, preferably 3 nm to 5 nm. 

In this regard, as the evaluation method of the pholocatalytic activity 
(hydrophilicily), the hydrophilicily evaluation was carried out by measuring the 
contact angle of water after UV irradiation for 60 minutes with a black lamp (the 
central wavelength: 365 nm) at an illuminance of 1 mW/cm 2 . 
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FIG. 17 is a graph showing the color tone variation of multiple glass 

comprising glass sheets, each sheet being made of an SiC>2 layer, a Zr0 2 layer and a 

Ti02 layer having the same thickness. In FIG. 17, 

AKM5 stands for G/Si0 2 (5 nm)/Zr0 2 (5 nm)/Ti0 2 (5 nm); 

AKM10 stands for G/SiO 2 (10 nm)/ZxO 2 (10 nm)yTiO 2 (10 nm); 

AKM15 stands for G/Si0 2 (15 nm)/Zr0 2 (15 nm)/Ti0 2 (15 nm); and 

AKM20 stands for G/SiO^O nm)/ZrO 2 (20 nm)ATiO 2 (20 nm), 

where G refers to glass and the mark / denotes lamination of a layer; and 
The configuration of the low emissivity film 4 is as follows: 
Low-E=G/ZnO(35.2 nm)/Ag(6.3 nm)/ZnO(85.2 nm)/Ag(12.1 nm)/ZnO(35.2 

nm) 

As can be seen from FIG. 17, compared to the case where only the Low-E 
film is used, in the case of the multiple glass in which the photocatalyst layer 
according to the present invention is formed on the first surface (the outdoor side 
surface) of the outdoor side glass sheet, the reflection color observed from the 
outdoor side turns from a green color tone lo a blue color lone. 

As described above, according to the present invention, when the 
photocatalyst layer is formed on the surface of the substrate, the crystalline undercoat 
layer is provided, and the photocatalyst layer is formed on the undercoat layer by 
continuously growing the photocatalyst crystals directly to the surface. Also, 
peeling of the film and defects are controlled by providing the peel preventing layer 
between the substrate and the undercoat layer. Consequently, it is possible to 
provide a member having high photocatalytic activity which can be applied to all the 
members such as window panes for use in construction, glass plates for use in 
displays, glass substrates for use in DNA analysis, portable information devices, 
sanitary equipments, medical equipments, electronic devices, biomedical test chips, 
materials for hydrogen/oxygen generation devices and the like. In particular, it is 
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possible to provide an article having a film configuration in which certain optical 
features, small variation of the features, and a photocatalytic function are combined. 

Also, according to the present invention, the thicknesses of the crystalline 
undercoat layer and the photocatalyst layer are limited to certain ranges, respectively. 
As a result, the reflection color tone can be made blue, the commercial value can be 
improved, and application to multiple glass can be expected. 



